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. , $q=\rho_{0}U^{2}/2$ ( $\rho_{0}$ : , $U$ : ), $M=U/c_{0}$
( $c_{0}$ : ), $R$ : . .




$c_{0}^{2_{\frac{\partial u}{\partial x}+}} \frac{1}{\rho_{0}}\frac{\partial p}{\partial t}=(\gamma-1)\varphi$ (2)
$\frac{\partial u}{\partial t}+\frac{1}{\rho_{0}}\frac{\partial p}{\partial x}=f$ (3)
. , $p$ : , $u$ : , $f$ : , $x$ : , $t$ : ,
$\gamma$ : , $\rho 0$ : , $\varphi$ : . ,
$f$ $\varphi$ , ,
, , (2) $,(3)$ .
2 . - .
, .
7)
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400 $\mathrm{m}$ 13.7 $\mathrm{m}^{2}$ $\lambda’=0.018$ $c_{o_{\mathrm{p}}}=015$





( ) . $P$ $P$
,
$P(t) \approx\frac{2\rho 0A}{\Omega r}[\frac{\mathrm{d}u}{\mathrm{d}l}]$ $\approx\frac{2A}{\Omega_{7},c0}[\frac{\mathrm{d}p}{\mathrm{d}t}]$ (4)
8) , $A$ : , $\Omega$ : (
), $r$ : , $p$ :
$(p\approx\rho_{0^{C_{0}u}})$ , , $[$ $]$ $t-r/c\mathit{0}$ .
(4) $\mathrm{d}p/\mathrm{d}t$ , $\mathrm{d}p/\mathrm{d}t$ $P$ $p$
, .
$a$ ( $r$ ) $P$
$P(t)=$ $\frac{1}{\sqrt{2\pi}}\int_{-\infty}^{\infty}\frac{4A(\omega)}{R(2ka)+1+\mathrm{i}X(2ka)}\cdot\sin\{\frac{ka}{2}(\sqrt{(\frac{r}{a})^{2}+1}-\frac{r}{a})\}$
. $\exp[i\{\frac{\pi}{2}-\frac{ka}{2}(\sqrt{(\frac{r}{a})^{2}+1}+\frac{r}{a})\}]\exp(\mathrm{i}\omega t)\mathrm{d}\omega$ (5)
1) , $k$ : $\omega$ : , , $A(\omega)$
$p(t)$ Fourier





. , $J_{1}$ (x)- : Bessel , $S_{1}(x)$ : Struve . (5) $(ka\ll 1)$
$(r/a\gg 1)$ , $\mathrm{i}\omegaarrow \mathrm{d}/\mathrm{d}t$ , (5) (4) \Omega $=2\pi$ ,
$A=\pi a^{2}$ .
, $0$ 1 (
$T_{\mathrm{c}}$ ) , (5), (6)
FFT , $T_{\mathrm{c}}= \frac{1}{20}\mathrm{s}$ (4)





( $\mathrm{a}’\lambda$ g $’\triangleleft \mathrm{s}/V1^{\mathrm{v}\cdot \mathrm{O}}a$ lll
(D) 11 .- ’\nu ( $1\mathfrak{d}.\mathrm{z}\mathrm{o}$Klll 1
3: 2)
( $3(\mathrm{a})$ ) ,
( $3(\mathrm{b})$ ) .
. ,






















$\frac{\partial}{\partial t}(\rho A)+\frac{\partial}{\partial x}(\rho uA)=\dot{m}$ (9)






$\rho c^{2}\frac{\partial u}{\partial x}+\frac{\mathrm{D}p}{\mathrm{D}t}=\rho(\gamma-1)\Phi+\{\frac{\dot{m}}{A}-\frac{\rho}{A}\frac{\partial A}{\partial t}-\frac{\rho u}{A}\frac{\partial A}{\partial x}\}c^{2}$ (11)
. , $\gamma$ : , $s$ : , $c_{p}$ : $\mathrm{D}/\mathrm{D}t=\partial/\partial t+u\cdot\partial/\partial x$ ,
$c$ : $(=(\gamma p/\rho)^{1/2})$ , , $\Phi$
$T \frac{\mathrm{D}s}{\mathrm{D}t}=\Phi$ (12)
. , $T$ : .
$\frac{\partial u}{\partial t}+u\frac{\partial u}{\partial x}=-\frac{1}{\rho}\frac{\partial p}{\partial x}+f-\frac{\dot{m}u}{\rho A}$ (13)
. , $f$ : .
(11) $,(13)$
$\frac{\mathrm{D}_{\pm}}{\mathrm{D}t}(\tilde{u}\pm u)=\frac{(\gamma-1)\Phi}{c}\pm f+\frac{\dot{m}}{\rho A}(c$. $\mp u)-\frac{c}{A}(\frac{\partial A}{\partial t}+u\frac{\partial A}{\partial x})$ (14)
.
$\frac{\mathrm{D}_{\pm}}{\mathrm{D}t}=\frac{\partial}{\partial t}+(u\pm c)\frac{\partial}{\partial x}$ (15)
,
$\overline{u}=\int\frac{\mathrm{d}p}{\rho c}$ (16)
. $A$ $(\partial A/\partial x=0, \partial A/\partial t=0)$ ,
, $u\ll c$ , (14)
$\frac{\mathrm{D}\pm}{\mathrm{D}t}(\tilde{u}\pm u)\approx\pm f+\frac{\dot{m}c_{0}}{\rho_{0}A}$ (17)
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. , , (16)
$\tilde{u}=\int\frac{\mathrm{d}p}{\rho c}\approx\frac{2}{\gamma-1}\int \mathrm{d}c$ (18)
. (18) (17)








$-\rho_{0}vb_{\mathrm{B}}$ ( $\backslash ^{\backslash }\text{ }\backslash -$ $\mathbb{H}\mathrm{j}\underline{\mathrm{g}}$ ))
(22)





$p$ ( ) $v$ ( )
$p=( \mathrm{i}\omega\frac{1}{3}\frac{\xi\rho_{0}}{\epsilon}h+\frac{1}{3}rh+\frac{\rho_{0}c_{0}^{2}}{\mathrm{i}\omega\gamma h\in})v$ (23)
12) , $r$ : , $\xi$ : , $h$ : , $\epsilon$ : .
5 . 5 , $P$ $v$
5:
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$p=\rho 0c\mathit{0}$ ( $A_{\mathrm{L}^{\frac{\partial v}{\partial t}}}+A_{\mathrm{R}}v+A_{\mathrm{C}}$ $\int_{0}^{t}v\mathrm{d}_{\mathcal{T}}$) (24)
. , $A_{\mathrm{R}},$ $A_{\mathrm{L}},$ $A_{\mathrm{C}}$
$\{$
$A_{\mathrm{R}}=(1/3)\{rh/(\rho_{0^{C}}\mathit{0})\}$ (25)





. (24) $v(\mathrm{O})=0,$ $p(\mathrm{O})=0$
$p0c0v(t)= \int_{0}^{t}\frac{\partial p}{\partial t}(\mathcal{T})g(t-\tau)\mathrm{d}\tau$ (29)






. , (29) . (24) 1,2, $\cdots$
– , $(A_{\mathrm{R}}/A_{\mathrm{C}})\cdot\partial/\partial t\ll 1$ , Pocov $\partial p/\partial t,$ $\partial^{2}p/\partial t^{2},$ $\partial^{3}p/\partial t^{3},$ $\cdot\cdot$ ,
$p_{0^{C}}0^{v\approx} \frac{1}{A_{\mathrm{C}}}|\frac{\partial p}{\partial t}-\frac{A_{\mathrm{R}}}{A_{\mathrm{C}}}\frac{\partial^{2}p}{\partial t^{2}}+\{(\frac{A_{\mathrm{R}}}{A_{\mathrm{C}}})^{2}-\frac{A_{\mathrm{L}}}{A_{\mathrm{C}}}\}\frac{\partial^{3}p}{\partial t^{3}}+\cdots|$ (33)
. (33) (28)
$\frac{\dot{m}c_{0}}{\rho_{0}A}\approx\frac{b_{\mathrm{B}}}{\rho_{0}A}$ . $\frac{1}{A_{\mathrm{C}}}[-\frac{\partial p}{\partial t}+\frac{A_{\mathrm{R}}}{A_{\mathrm{C}}}\frac{\partial^{2}p}{\partial t^{2}}+\{\frac{A_{\mathrm{L}}}{A_{\mathrm{C}}}-(\frac{A_{\mathrm{R}}}{A_{\mathrm{C}}})^{2}\}\frac{\partial^{3}p}{\partial t^{3}}+\cdots]$ (34)
.
, $x$ – . , $p\approx p\mathit{0}c_{0}u,$ $\partial/\partial t\approx-c_{0}\cdot\partial/\partial x,$ $\partial^{2}/\partial t^{2}\approx$
$-c_{0}^{2}\cdot\partial^{2}/\partial x^{2},$ $\partial^{3}/\partial t^{3}\approx-c_{0}^{3}$ . \partial 3/\partial x3. . . , (34)
$\frac{\dot{m}c_{0}}{p_{0}A}\approx\alpha c0\frac{\partial u}{\partial x}+\mathcal{U}\frac{\partial^{2}u}{\partial x^{2}}*-\beta\frac{\partial^{3}u}{\partial x^{3}}$ (35)
129





(35) (21) # , –









. , $A$ : , $Z_{\mathrm{b}}$ : (= / ).
, .
I ( $7.1\ln^{2}$ , $2\mathrm{m}$ ), II ( $7.\mathrm{l}\mathrm{n}1^{2}$ , $5\mathrm{m}$ ) 6
.
, I , II .
, $Z_{\mathrm{b}}$
$Z_{\mathrm{b}}=-\mathrm{i}(p_{0^{C}}o/A_{\mathrm{b}})\cot k\iota$ , (41)
. , Ab: , $l$ : ($.=l_{\mathrm{b}}+0.85a,$ $l_{\mathrm{b}}$ :
, $a$ : $A_{\mathrm{b}}$ ). (41) (40) , $s=\mathrm{i}\omega$
$\frac{p_{2}(s)}{p_{1}(s)}=\frac{1}{1+(n/2)\tanh sT}=\frac{2}{2+n}\{1+\exp(-2s\tau)\}\{1+.\frac{2-n}{2+n}\exp(-2sT)\}-1$ (42)
1) , $n=A_{\mathrm{b}}/A,$ $T=l/c_{0}$ . (42) $\exp(-2sT)$ ,
$p_{2}(t)$ $=$ $\frac{2}{2+n}p_{1}(t)+\frac{4n}{(2+n)^{2}}p_{1}(t-2T)-\frac{4n}{(2+n)^{2}}(\frac{\mathit{2}-n}{2+n})p_{1}(t-4T)$




, $1000\ln$ I II
. , (42)




. , $n_{1}=A_{\mathrm{b}1}/A,$ $n_{2}=A_{\mathrm{b}2}/A,$ $x=\exp(-2s\tau 1),$ $y=\exp(-2ST_{2})\iota$ , 1,2




$f=- \{.\frac{\lambda}{2d_{\mathrm{H}}}u|u|+\frac{4\tau_{1}}{\rho d_{\mathrm{H}}}(1+\frac{\gamma-1}{\sqrt{\mathrm{P}_{1}}})\}$ (45)
. 1 ( $\lambda$ : , $d_{\mathrm{H}}$ : ), ,
2 $\tau_{1}l\mathrm{h}$
$\tau_{1}--\frac{p\sqrt{\nu}}{\sqrt{\pi}}\int_{-\infty}^{t}\frac{\partial u}{\partial t}(\tau)\frac{\mathrm{d}\tau}{\sqrt{t-\tau}}$ (46)
$14$ ), $15$ ), $16$) (46) , $4\nu i/d_{\mathrm{H}}^{2}<10^{-6}$
, 17) (45)
$(1+(\gamma-1)/(\sqrt{\mathrm{P}_{1}}))$ ( $\mathrm{P}_{\mathrm{r}}$ : )
$18$ ), $19$ )
$5$ .
, ,
, . (21) ,
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7: 11)
. , II ,
$p= \triangle p(\frac{1}{2}+\frac{1}{\pi}\tan-1\frac{Ut}{0.3d})$ (47)
. , $\triangle p$ (1) , $d$ : , $U$ : .
, , $\alpha=0,$ $\nu^{*}=2\mathrm{m}^{2}/\mathrm{s},$ $\beta=1\mathrm{m}^{3}/\mathrm{s}$ ,
(45) . $240\mathrm{k}\mathrm{n}$) $/\mathrm{h}$ 7
. 7 , , ,
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